During the last five years it has been well established that photoperiod induced changes in 2 body weight in the seasonal hamster, Phodopus sungorus, are accompanied by a marked 3 seasonal cycle in leptin sensitivity. In the current study we investigated the possible 4 involvement of insulin signaling in seasonal body weight regulation. We analyzed the 5 expression pattern and relative intensity of insulin receptor (IR), Pi3-Kinase (Pi3K) and 6 protein tyrosine phosphatase 1B (PTP1B) mRNAs by in situ hybridization in the brains of 7 juvenile female hamsters acclimated to either long (LD) or short day-length (SD) for eight 8 weeks, with or without superimposed food deprivation for 48h. Furthermore, the 9 hypothalamic concentration and distribution of phospho-AKT, a marker of Pi3K activity was 10
Introduction
immunohistochemistry, respectively, three or four brains from ad libitum-fed hamsters from 1 each photoperiod were used. PTP1B mRNA in ad libitum-fed animals was analyzed in 2 archived brain sections from an earlier experiment performed under identical conditions (43)
Hypothalamic gene expression 5
Messenger RNA levels were quantified by in situ hybridization in 20 µm coronal 6 hypothalamic sections, using techniques described in detail elsewhere (23). Riboprobes 7 complementary to IR, Pi3K and PTP1B were generated from cloned cDNA from the 8 hypothalamus of the Siberian hamster. cDNA synthesis was performed using a cDNA 9 synthesis Kit (Invitrogen, Carlsbad, USA), according to the manufacturer's instructions. 10
Primers for amplification of the three fragments were designed using Primer Select (Table 1,  11 Lasergene, DNA-Star Software). The IR amplicons were generated by PCR with 35 cycles of 12 94°C for 1 min, 55°C for 1 min 40 s, and 72°C for 2 min and a final extension at 72°C for 10 13 min. For the amplification of Pi3K and PTP1B, the annealing temperature was adjusted to 14 all three riboprobes, cRNA synthesis was performed by T7-Polymerase (Invitrogen). 20
As previously described (23), forebrain sections, 20µm were collected throughout the 21 extent of the ARC onto a set of eight slides with six or seven sections mounted on each slide. 22 Accordingly, slides spanned the hypothalamic region approximating from -2.7mm to 23 -1.46mm relative to Bregma according to the atlas of the mouse brain (33). One slide from 24 each animal was hybridized. Briefly, slides were fixed, acetylated, and hybridized overnight 25 at 58°C using [ 35 S]-labelled cRNA probes (1-2 x 10 7 cpm/ml). Slides were treated withRNase A, desalted, with a final high stringency wash (30 min) in 0.1 x SSC at 60°C, dried 1 and apposed to Kodak Biomax MR Film (Kodak, Rochester, New York, USA). 2 Autoradiographic images were quantified using the Image-Pro Plus system. Corresponding 3 sections of individual animals were matched according to the atlas of the mouse brain. Three-4 four sections from the ARC of each animal spanning from -2.54mm to -1.94mm relative to 5
Bregma were analyzed. Data were manipulated using a standard curve generated from 14 C 6 autoradiographic micro-scales (Amersham Pharmacia Biotech), and the integrated intensities 7
of the hybridization signals were computed. 8 9
Immunohistochemistry 10
For immunohistochemistry, animals were anesthetised with Euthatal (Rhone Merieux, 11
Harlow, UK), transcardially perfused with 0.9% saline containing heparin (1000 U/litre) 12 followed by 4% paraformaldehyde in 0.1M phosphate buffer (pH 7.4). Brains were removed 13 and postfixed in the same fixative overnight at 4°C. On the next morning brains were 14 transferred to 30% sucrose in 0.1M phosphate buffer for dehydration and cryoprotection. 15
When brains had sunk they were frozen in isopentane cooled on dry ice for 1 min and 16 sectioned coronally at 35 µm throughout the extent of the hypothalamus (additionally the 17 nucleus tractus solitarius region of the hindbrain was cut) on a freezing microtome, collected 18 in four series and stored in cryoprotectant at 4°C. Free-floating sections were incubated in 1% 19 H 2 O 2, 10% Methanol diluted in H 2 O for 15 min to quench endogenous peroxide followed by 20 incubation in blocking solution [5% bovine serum albumin (BSA), 0.5% Triton X-100 in 21
phosphate buffer] for 45 min. Sections were incubated over night at 4°C with anti-phospho-22
AKT primary antibody (Ser473, IHC-specific, Cell Signaling Technology, USA # 9277) 23 diluted in blocking solution (1:100). On the next day, sections were incubated with a 24 biotinylated secondary goat anti-rabbit antibody for 1 h (1:1000, in blocking solution 25 solution for 2 h. Between steps sections were washed in phosphate buffer containing 0.25% 1 Triton X-100. Finally, the signal was developed by Nickel-DAB solution (Vector 2 Laboratories, Inc., Burlingame, CA), giving a gray/black precipitate. Section images were 3 captured using a Polaroid DMCe digital camera mounted on a Zeiss Axioskop (Jena, 4 Germany). 5
Immunoblotting 6
For immunoblotting hypothalami were immediately excised with anatomical precision from 7 freshly prepared brains, weighed, and rapidly frozen in liquid nitrogen. Using a glass 8 homogenizer tissues were homogenised in buffer containing phosphatase-and protease-9 inhibitors (10mM Hepes pH 7.9, 1.5mM MgCl 2 , 10mM KCl, 0.5mM DTT, 0.5 mM PMSF, 10 20mM NaF and 1mM Na 3 V0 4 ) and incubated on ice for 10 min. For detection of phospho-11 AKT, the cytoplasmic fraction was separated from the nuclear part by centrifugation for 15 12 min at 3300g. The protein content of the supernatant containing the cytoplasmic fraction was 13 determined by the Bradford assay, and equal amounts of protein were loaded into each lane. 14 Immunoblotting-analysis was performed by standard method (18 The species-specific probes to IR, Pi3K and PTP1B mRNA had an identity of 95%, 91% and 13 90% in nucleic acid sequence to Rattus norvegicus or Mus musculus, respectively (for 14 accession numbers see Table 1 ). Within the investigated brain region, neuroanatomical 15 structures which hybridized the three riboprobes are listed in Table 2 , along with their 16 estimated relative intensities (see also Fig.1 ). Of particular interest were the localized and 17 intense hybridization signals of IR, Pi3K and PTP1B in the arcuate nucleus. PTP1B gene 18 expression in the thalamus was relatively uniform and could not be attributed to individual 19 thalamic nuclei. For all three candidate genes, sense probes synthesised from the cloned 20 cDNA generated a low intensity non-specific signal (Fig.1d) . 21
22

Effect of photoperiod and/or food deprivation on insulin signaling components 23
Effect of photoperiod and food deprivation on insulin receptor gene expression 24
Body weight change at 8 wks post-weaning was similar to an identical experiment reported 25 earlier (43). Over the eight-week period, SD hamsters gained 10.2 ± 1.3 g, while hamsters in 26 LD gained 14.2 ± 1.2 g. Uterine tract size was reduced in SD acclimated hamsters compared 27 to controls. There was no effect of photoperiod, feeding status or interaction of both parameters on Pi3K 14 mRNA in any of the brain regions examined (Fig.1b) although the latter almost achieved 15 significance with p=0.061. 16 17 Effect of photoperiod and food deprivation on PTP1B gene expression 18
A highly significant reduction of PTP1B mRNA levels in the arcuate nucleus was observed 19 (Fig.1c ) in response to SD acclimation (Two way ANOVA; F=52.24; P < 0.001) and to food 20 deprivation (Two way ANOVA, F=7.74; P < 0.05). Additionally, there was a significant 21 interaction between photoperiod and feeding status (Two way ANOVA, F=7.14; P < 0.05). 22
Multiple group-wise comparisons revealed a significant reduction of arcuate nucleus PTP1B 23 gene expression induced by food deprivation in LD but not in SD (Fig.1c) . There was also a 24 highly significant increase in PTP1B gene expression in the thalamus in response to food 25 deprivation (Two way ANOVA, F=39.73; P < 0.0001) but not in response to photoperiod As a marker for Pi3K activity we determined the hypothalamic content of phosphorylated 5 AKT. As shown in Fig.3a , a single conspicuous and specific band of the expected size (60 6 kDa) for phospho-AKT could be determined in hypothalamic lysates of the Siberian hamster. 7
Exposure of juvenile female hamsters to SD for eight weeks led to a striking reduction of 8 phospho-AKT in the hypothalamus compared to LD hamsters as revealed by quantification of 9 the immunoblot (Fig. 3b) . 10
Using immunohistochemistry phospho-AKT positive cells were detected in the arcuate 11 nucleus. The very specific signal was conspicuously confined to this brain region (Fig. 3c ) 12 and appeared to be located within the entire cell (Fig. 3d) . Beyond the arcuate nucleus, 13 phospho-AKT immunoreactive cells were only present in the nucleus tractus solitarius of the 14 hindbrain (data not shown). The differences revealed by immunoblotting were investigated at 15 a neuroanatomical level by immunohistochemistry. As mentioned above, phospho-AKT 16 immunoreactivity was restricted to the arcuate nucleus and photoperiod induced differences 17 were confined to this region (Fig.3c) . Thus, the changes observed by immunoblotting of total 18 lysates were due to localised changes in the arcuate nucleus. Consistently, in all four analyzed 19 animals from each photoperiod, phospho-AKT immunoreactivity was substantially lower in 20 SD compared to LD. hormones is inverse making it unlikely that both hormones exhibit synergistic body weight 22 regulatory effects in the hypothalamus. We cannot, however rule out possible inverse "cross-23 talk" of both hormones. Beyond Pi3K, insulin and leptin share further signal transduction 24 pathways. This "cross-talk" of insulin and leptin within the hypothalamus, distal of their 25 respective receptors, remains an enigma whose resolution will certainly enable us to betterunderstand the complex mechanisms maintaining energy homeostasis and that may be 1 perturbed in obesity. 
